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TECHNICAL NOTE NO . 14? 3 

HIGH-SPEED WIND-TUNNEL INVESTIGATION OF ElCffl LIFT 
AND AILERON -CONTROL CHAR.\CTERISTICS OP AN 
NACA 65-210 SEMISPAN WING 
By Jack Pischel and Leslie E . Schneiter 


A hi£^i -speed wind-tunnel investigation was made of the aerodynaaic 
characteristics at various Mach numbers of an NACA 65-210 semispan 
wing variously equipped with a 25 -percent -chord full-span slotted flap 
and a 38 -percent-seaiispan 20 -percent -chord straight -sided aileron. 

With the fvill-span flap retracted at a Mach number of 0.13, a 
maximum lift coefficient of O .93 was obtained; and with the flap 
deflected 45°, a maximum lift coefficient of I .87 was obtained. 

The variation cf lift with angle of attack Ct increased 

from 0,72 at a Mach number of 0.13 to O .96 at a Mach number of O. 71 . 
This Increase in Cj^^ with Mach number was consistently greater than 

the increase in C-^ computed by existing theory for finite -span wir^. 

Tlie effectiveness of the aileron, as shown by the variation of 

rolling -moment coefficient with aileron deflection Ct- , decreased 

-oa 

slightly vrith increase in Mach number and Reynolds number. 

Al.leron yawing moment became more adverse with increasing angle 
of attack (or lift) but was essentially unaffected by increasing 
Mach number. 

The variation of the aileron hinge -moment coefficient with angls 
of attack increased positively from -O.OOO 8 at a Mach number 

of 0.27 to O.OOIC at a Mach number of 0,71; whereas the variation of 
the hinge -moment coefficient with aileron deflection increased 

negatively from -0 .0052 at a Mach number of 0 .27 to -0 .0072 at a 
Mach number of O. 71 . 
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INTPODUCtlON 


The necessity of px’oviding sufficiently high lift for landing 
and take-off, as well as adequate lateral control throu^out the 
flight speed range for the fast and heavily loaded airplanes currently 
in use or in the design stage, has presented a problem to airplane 
designers. This problem has been accentuated somewhat by the required 
use of wings having high critical speeds and by the paucity of existing 
lift and latez’al-control data on finite-span wings. In order to assist 
in solving this problem, an invest! gatl oia was conducted in the 
Langley high-speed 7- by 10-foot timnel on a thin low-drag semispan 
wing (MCA 65-210) equipped with either a full-span slotted flap or 
a partial-span aileron. Vring lift, drag, and pitching-moment cha^rac- 
teristies were obtained through a speed range to a Mach nuinber of 
0.71 with the fu3.1-span flap retracted and through a speed range to 
a I''!aeh number of 0.27 with the flap deflected. Teats of a 0.3B- 
semispan 0.20-chord strsif^t-aided aileron were made a.t various speeds 
up to a Mcich number of 0.71. 


The moments on the wing are presented about the' wind axes. The 
X-axis is in the plane of symmeti'y of the model and is parallel to 
the tunnel air flow. The Z-axis is in the plane of syrameti.-y and is 
perpendicular to the X-axis. The Y-axis is m.utually peiqiendicular 
to the X- and Z-axes. All three axes intersect at the intersection 
of the chord plane and the 35 -pe-cer-t -chord station at the I’oot of 
the model. 

The symbols used in the presentation of results are as follows: 


SYMBOLS 


C 


L 


lift coefficient ^ 



C * 


drag coefficient (C/qS) 
pitching-moment coefficient 


D 


C 


m 


Twice pitching moment of 


q^ 


semdLspan model 


C 


c 


c 


c 


h 


n 


rolling-moment, coefficient (L/qSb) 
yawing -moment coefficient (N/qSb) 
aileron hinge-moment coefficient 
local wing chord 



wing m.e;n aerodjmamlc chord, 2.86 feet 




( 



aileron chord measured c.long 'vring chore!, line from hinge ajcia 
of aileron to trailing edge of v;ing 

roo t-mean-squ' re chord of aileron, 0 .48 foot 

twice span of seiaiapan model, l6 feet 

aileron span, 3 *0^ feet 

lateral di.ot-mce from plane of symmetiry, feet 

twice area of semispan, model, 44.42 square feet 

twice dx’ag of semispsn model, pounds 

rolling moment due to aileron deflection about X-axis, 
foot-pounds 

yawing rnemont due bo aileron deflection about. Z-cocis, 
foot-pounds 

aileron hinge moment, foot pounds 


free-streara velocity, feet per second 
rao.3s density of air, slugs per cubic foot 

•angle of attack with respect to chord plane at root of model, 
degrees 

aileron deflection relati^'e to wing chord plane (positive 
when trailing edge is down), degrees 

fle.p deflection relative tc wing chord pl.ane (positive when 
trailing edge is down), degrees 


free-stream dynarmte pressure, pounds per squre foot 



Mach number (V/a) 

Reynolds number 

speed of sound, feet per second 


h 
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Tile svitacripts 6^ and a lndica.tc tlie factor held conatant. All 
slopes were measured in the vicinity' of 0'^ '’ngle of fittack and 0° 
aileron deflection . 


CORRECTIONS 


With the exception of the aileron hinge -laoment data^ all ci ita 
presented o,re "based on the dimensions of the complete wing. 

The test cLata ha.ve "been corrected for jet-houncla-ry effects 
o,ccor.ding to the laethods outlined in reference 1 . Ccmpresoihility 
effects on these jet-'houD-dary corrections have "been considered in 
correcting the test data^ hlock.age corrections were also applied. 

Aileron deflections have "been corrected for deflection under 
load^ and the aileron data have been corrected for the sma,ll amount 
of wing twist (less than 0.2^) pi-oduced by aileron deflection. 

MODEL AliD .IPPAR/tElJS 


The serai span -wing model was mounted in inverte' position In the 
Langley higli-speed 7 " ty 10-foot tunnel with its root section adjacent 
to one of the vertical walls of the tunnel^ the vertica,! wall thereby 
serving as a reflection plane (figs . 1 and 2) . The wing was canti- 
lever supported from the balance frame noa;.' the wing root section, 
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aad a gap of approximately l/l 6 inch hstveen the tunnel wall and the 
root end of the model permitted all forces and moments acting on the 
model to he measured. 


Hae seiaispan wing model was haiilt to the plan-form dimensions 
shown in figiare 3 4iad an NACA 65“210 airfoil section (table I) 
firjro root to tip irtth neither twist nor dihedral. The model had 
cai aspect ratio of 5 *76 'and a ratio of tip chord to root chord of 0 .57 • 
The wing plan form exclusive of the aileron dimensions was geometrically 
simil-ar to the (Quarter span of a ooniple te wing model of aspeor. ratio 9 
used in several investigations for which the data are unpublished. 

Ihe wing was fabricated with a solid steol spar and lami-nated-mahogmy 
sAirfaces . 'No transition strips were used on the wing, and an attempt 
was made to keep the model surface smooth during the entire investigation. 

Ihe fall-span slotted-flap configuration was built to the 
diniensj.ons given in figui’e 3 is shown mounted on the wing in the 
tuimel test section in figure 1 . The design d3.mensions for the 
0 . 25 c flap are presen;:ed in table I and agree with tlie dimensions 
for slotted flap 1 given in reference 2. The optimum flap position 
with respect to the upper-surface airfoil lip and the optimum flap 
deflection ( 6 f = 45®) given in i-eference 2 were used for the normal 
flap-deflected position in the present investigation. The flap had 
a solid steel spar with laminatod-Diahogaiiy surfaces. 

Tlie partial-span aileron configuration was built to the dimensions 
given in figure 4, and the configuration is shown in the tunnel in 

fig’ore 2. The aileron of 0.38|- and 0.20c was constructed of duralumin 

aiad had straight sides and a trailing-edge angle of 11° « The aaleixm 
had a plain radius -nose overhang made of mahogany and was tested VTith 
a plastic -impregnated fabric seal across the gap al:iead of the aileron 
nose, except at the location of the strain-gage arra where a gap of 

about 0.01^ existed. In addition, the aileron was equipped with strain- 

gage beams of various sizes to provide a maximum of sensitivity to the 
hinge-moment readangs at the variox’s deflections and speeds at which 
uhe investigation v/as rmade . Aileron deflection was set for each test 
by means of a beam- type c3.a.mp strain-gage arm. 


Tne Langley high-speed 7“ l>y 10-foot txinnel is a closed- throat 
single-return tunnel. Tiie turbixleuce of the tunnel air stream has 
not been determined but is thought to be low because of the large 
tunnel contraction ratio (14 to 1) . This belief is substantiated by 
tux-bulence measurements made in the L;ingley 3 OO MPH 7 - by 10-foot 
t L’jinel . 
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TESTS 


VJing angle -of -attack tests with the flap retracted were ma.de 
through a Mach number range from. O.I 3 to 0.71^ with a corresponding • 

Eejaiolds number range of approximately 2 .6 x 10° to 10 .3 X 10 
based on a mean aerodynamic chord of 2.86 feet. In addition^ a 
constant angle -of -attack (approximately at zero lift) speed test 
w.as ma.de through, a Mach nuiiiber range from 0.44 to 0.82. ''fing angle - 
o.f-attack tests with the fl.ap deflected were made throu^i a Ifech 
number range from 0 .I 3 to 0 .27 * Ilie variation of Reynolds number 
with Mach mxmber for these tests is showi in figure 5 • 

Tests VQTQ made with \'s.rlou3 aiJ.eron deflections through an 
angle -of -attack range at M-ach numbers from O .27 to O. 7 I. The range 
of aileron angles tested was between a.pproximately - 15 *^ and 15 °/ 
except at the lower values of Mach number where a deflection range 
of approximately - 15 ° to 20° was used. The angle-of -attack- range 
covered in .'jll the tests became more limited as Mach number incre.ased 
because of 'the loa,d limitations ■ of the model. 


DISCUSSION 

Wing Aerodynamic Ch.axacteristics 


The lift^ drag, and pi tolling -moment characteristics of the 
wing model at various Mach numbers in the flap -rotr.ac ted. and flap- 
deflected configurations are shci'm in figures 6 and 7/ respectively . 
As Mcich number increased in the flap -retracted conf Igiuration, a 
•gradual incre.ase in 'the lift-curve slope, a small increase in drag 
coefficient at low lift coefficients, ;ind very little change in 
pitching- moment characteristics were obtained. Maximui'u lift coeffi- 
cients of 0.93 and 1.87 were obtained at a Mach number of 0 .I 3 with 
the full -span flap retracted and deflected, .respectively . 

In order to ascertain whether 'the norriial fla.p position used 
was optimum for three-dimensional flow, sevex-al additional tests were 
made in which the flap deflection was held constsuit at 45° and the 
location of the flap nose with respect to the wing upper- su-pf ace lip 
was va.ried. The results p.resented in figujre 8' show that, in general, 
moving the flap down and back from the norrmil flap-deflected position 
(nose of flap 0.0100c belovr .and ahead of ^-ring upper -surface lip) 
resulted in a decrease in lift and an increase in dj.-ag at all angles 
of attack, except for the configuration in which the outbo.ard end of 
the flap was held in the normal position and the flap nose at the 
inboard end was moved reanrard and dawn from the nornia.! positon. 
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a change which enlarged the gap between the flap and the ^ring lip » 
For this wing-flap conf igui’ation, a lajrger iruaxiinum lift.wae noted 
than for the normal wing-flap conf iguration . (See fig. 8.) Se.aing 
the flap slot in one of these configurations was q.uite deleterious 
in that a large deci’saao in lift and an increase in drag resulted. 

Vai’iation of the lift-curve slope with Mach number is 

shown i:i figure in which a steady increase of with Mach 

number is apparent; that is^ Cj^ increased from O.72 at M = O.I3 

to 0*96 at M = 0.71* Ko force “break iiiduced “by a wing shock was 
appai’ont within the .lift range covered. (»See figs. 6 and 9*) *Hie 
data of figure 9 also ccmprire the corapressihility effects on 

obtained from experi.mental data with the results computed by the 
Prandtl-Glauert factor^ which is based on two-dimensional flow, and 
those coraputed by an equation derived by Young o.f Great Britain for 
finite-span wings and revised by Jones* edge -velocity correction 
(reference 3) • "^i^he increase in lift-curve slope with increasing 
Mach nui'iiber obtained in the inve.s cigation was consistently greater 
than that compute.- by the reviser' Young equation. 

Va.riation of the lift, drag, end pitching-moment coefficients 
with Mach number at a coriSoant angle of attack «ipproximately 
corresponding to zero lift is shown in figure 10. From these data 
tod the data o.f figure-s 6 and 9; positive shift of the angle of 
zero lift and a. re3.r\vard shift of the center of pressure with 
increasing Mach number is indicated. A gradual, increase in the drag 
Coefficient at Mach numbers above 0*75 upparentlj^’ indicates the 
approaching existence or the existence of shock on the wing. 


Aileron-Control Characteristics 

The results of the investigation of the aileron-control charac- 
teristics at various i^ch numbers 8ire shown, plotted against wing 
angle of attack in fj.gure 11 and cross-xjlot bec?u .against aileron 
deflection at three low angles of attack in figure 12. 

The rolling-riioment data generally show a decrease in effectiveness 
witn angle -of -attack increase for positive ailer*on deflections at the 
lower Mach numbers (M = C.27 and C.38) and aji inconsistent effect in 
the negative ailercn-deflectipn range. For Mach numbez's above C.38, 
the aileron e.ff ectiveness generaJLly Increases slightly \riih cingle- 
ox -attack increase for both positive end negative aileren deflections . 
(ooe lig. 11 .) The- da,ta of figux^e 11 further show a decrease in 
aileron ex f ectiveness with incroctse in Mach number, and this phenomenon 
is mox*e clearly illustrated in figures 12 and I3 <» This variation of 
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aileron effectiveness with Mach ni’rober is opposite to that obtained 
in an aileron invest! ga,tion for a wing of aspect ratio 9 eraploying 
the sacxe airfoil section (unpublished data) . . 

Some of this discrepancy is explained by the fa.ct that the data 
for the wing of aspect ratio 9 were not corrected for wind-tunnel 
jet-boundery effects . Moreover^ the validity of jet-boundarj'’ 
corrections for reflection-plane models at high Mach numbers has not 
been well-establishec’ j a,s a consequence, the correctioxxs applied to 
the present data at high Mach numbers are questionable but are thou^t 
to be conservative . 

In addition, some of this discrepancy is attributed to the fact 
that the data obtained in the investigation of the wing of aspect 

ratio 9 were at Rejuiolds numbers from 0*9 >< 10^ to 1.4 X 10^, 
whereas the Reynolds mimber rajige of the aileron investigation 

reported herein was between approximately 5*2 x 10° and 10 .3 X 10°. 
Two-dimensional tests of a 0.2Cc straigivt -sided aileron on the same 

airfoil section (reference 4) at Reynolds numbers of 1 x 10^ 

and 9 X 10° (fiach numbers of 0.07 and 0.1?^ respectivelj') indicated 
that a sliglxt decrease in aileron effectiveness resulted when the 
Re^/nolds number increased} whereas high-speed aileron tests of the 

the same airfoil section within a Reynolds number range of 1 X 10° 

to 2 X 10^ indicated that ar. inci'’ease in Mach number and Reynolds 
number increased the aileron effectiveness. It is believed, therefore, 
that the discrepancy in the aileron effectiveness exhibited between 
the data presented herein ond the data obtained from the wing of 
aspect ratio 9 probably resxilt from a Reynolds muiber effect, which 
is either negligible or siiiiilar to a Mach number effect at low 
Reynolds nurtibers and opposite to a Mach number effect at higli 
Reynolds numbers. A part of this discrepancy may also result from 
the fact that the aerodyne.nlc effects which accompany a reduction in 
effective aspect ratio resulting from compressibility effects are 
larger for the vlng of aspect ratio 5 *76 than for the wing of aspect 
ratio 9* This belief is substontiated 3omewh:.t by similar effects 
shown by the results of a latercl-control investigation (reference 5 ) 
performed on a thicker semj.span wing at Reynolds numbers and Mach 
numbers (over the span of the aileron tested) which are comparable to 
these existing during the reported investigation. These results are 
reproduced in figiire I 3 for comparison with the reported ^nta. 

A comparison of the aileron-effectiveness (indicated by the 
slope obtained in the present investigation at a Mach number 
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of 0.38 was made with the aileron effeotiveness obtained from the 

wing of aspect ratio 9 s-'t the same !4ach number* Good agreement 

between the two investigations was obtained -after accounting for, 

aspect 7 ratio differences by use of reference 6 and correcting the 

data, of the wing of aspect ratio 9 for jet-boundary effects by use 

of rofei’ence 1. At higher ilsoh numbers, Beynolclo number effects on 

aileron effectiveness and compressibility effects on effective 

aspect ratio (as previously discussed) probably accoiuit for the 

poorer agreement as Mach number- increased. . , 

’ * ♦ 

r . ♦ V ' ■ 

' The aileron yawing-moment' coeffidients varied almost line:^ly . . 
with angle of attack (or lift) and generally became more adverse as 
the angle of attack increased, particularly in the positive aileron- 
deflection range. (See figs. 11 and 12.)^ Mich muaber had almost 
no effect on the yawing-moment coefficients . 

The aileron hinge-.moment coefficients also varied almost __ 
linearly with angle of attack, and the value of increased 

positively with increase in Mach number from -0 .OOO 8 at M = O .27 
to 0.0010 at M =s 0 . 71 . (See figs. 11 and I 3 •) 'i^® varia.tion of 

hinge-moment coefficient with, aileron deflection tended to become 
more nearly linear as the Mach nuiaber increased (fig. 12), -and the 
value of Cj^ increased negatively with increase in the Ma.ch 

number from - 0 . 00 p 2 at M = 0 .27 to -0 .007?- at M = 0 . 7 I • (See 
fig. 13 .) A coii^arison of the values of Cj^ and obtained 

in the present investigation with the values obtained in the investi- 
gation of the wing of aspect ratio 9 (data, unpublished) indie. ated 
that these parameters were less negative said exhibited larger 
compressibility effects in the present investigation. The differences 
in the resxxlts obtained in the two investigations may be attributed to 
differences in aspect ratio, Reynolc^.s number, aiid the fj.ct that the 
aileron nose gap was not sealed in the investigation of the wj.ng of 
aspect ratio 9 but ws.s sealed in the present investigation. 

No data were obtained for pressures across the aileron seal. 

It is believed, however, since the aileron tested had its nose gap 
fadrly well sealed that the equations presented in reference 7 
be used to compute various balance configurations required for given 
stick forces . 


CONCLUSIONS 


A high-speed wind-tunnel investigation was made of the aerodynsmic 
characteristics at various Mach nuiibers of an NACA 65-210 semi span wing 
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variously equipped a 25 -percent-chord full-span slotted flap 

and a 38"percerit”3emlspan 20-percent-chord straight -sided aileron. 

The results cf the investigation led to the following conclusions: 

1. With -the full-spon flap retracted at a Mach numher rf O.I3, 

a maximum lift coefficient of 0.93 obtained: and mth the flop 
deflected a jaaximura lift coefficient' of I.67 was ob'baiuod. 

2. The variation of lift with angle of attack Ct increased 

O/ 

from 0t72 at a Mach number of 0 •I3 to 0 .96 at a Mach numhor of 

This increase in Ct with Mach number was consistently greater 

•^a 

than the increase in Or , computed by existing theory for fJ.nite- 

J-U 

span wings » 

3 . The effectiveness of the aileron^ as sho\m by the variation 
of roiling -moment coefficient with aileron deflection , 

• Op 

decreased sli^tly with increase in Mach number and hojTiolds number. 

k . Aileron yawing raoment became more adverse with increosijig 
angle of attack (or lift) but was essentially unaffected by increasing 
Mach number. 

5. The variation of the aileron hinge-moment coefficient with 
angle of attack incroasecl. positively from -O.OOO8 at a Mach 

number of O.27 to 0.0010 at a Mach number of 0.71j whereas the 
variation of the hinge -moment coefficient with aileron deflection 

increased negatively from -0 .0052 at a Mach number of 0 .27 to -0 .0072 
at a Mach numbei'' of 0 .7I . 


Langley Meiaorial ileronautical Laboratory 

L-ational Advisory Comjnittee for Aoronautics 
Longley Field, 'Va., July 3 , 19^7 
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TABLE I.- ORDDJATES EOS AIEFOIL AND FIAJ> 
[a 11 dliuenaious in percent of wing chord] 


NAOA 65"710 airfoil section 


Upper surface 

Lower 

0 

§ i 

^ \ 
0 ' 

I 1 

Station 

Ordinate 

Station 

Ordinate 

0 

0 

0 

0 

.435 

.819 

.565 

- .719 

.678 

.999 

.822 

- .859 

1.169 

1 .273 

1 .331 

-1 .059 

2.4 o 8 

1 .757 

2.592 

-1 .385 

4 *890 

2.491 

5.102 

-1.859 . 

7.394 

3 .069 

7 .606 

-2.221 

9 ,^4 

3 .555 

10 .106 

-2.521 

14 .899 

4 .338 

15 .101 

-2.992 

19 .909 

4.936 

20.091 

“3 .346 

24 .921 

5 .397 

25 .079 

-3 .807 

29.93^ 

5.732 

30 .064 

-3 .788 

34.951 . 

5 .954 

35 .049 

-3.894 

39 .968 , 

6.067 

40 .032 

-3 .925 

44 .984 

6 .058 

45 .016 

-3.868 

50 .000 

5.918 

50 .000 

-3 .709 

55 .014 

5.625 

54 .986 

-3 .435 

60 .027 

5.217 

59.973 

-3 .075 

65.036 

4 .712 

64 .964 

-2.652 

70 .043 

4.128 

69 .957 

-2.184 

75.045 

3 .479 

74 .955 

-1 .689 

80.044 

2.783 

79 .956 

-1 .191 

85.038 

2.057 

8!^ .962 

-.711 

90 .028 

1.327 

89.972 

-.293 

95 .014 

.622 

9h .9 06 

.010 

100 .000 

-0 . ! 

100 .000 

0 

L .E . radius : 0 .687 

Slope of radius thnragh L .E . : 

0.084 
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TABLE I,- ORDINATES FOE AIRFOIL. AND FLAP - Concluded 
[a 11 dimenaions in percent of ving chord^ 


Slotted flap 


Upper surface 

Ljower surface 

Station 

Ordinate 

Station 

Ordinate 

0 

0 

0 

0 

.28 

.92 

.28 

-.41 

.56 

1.19 

.56 

-.62 

1.12 

1.56 

i.i2 

-.88 

1.69 

1.80 

1.69 

-1.00 

2.25 

1.99 

2 .48 

-1 .03 

3 - 3 ^ ■ 

2.22 

4.98 

-•83 

k .50 

2.23 

7.48 

-.63 

5.61 

2.38 

9,98 

- .44 

7.00 

2.40 

12.48 

-.27 

9.00 

2.35 

14 .98 

- .12 

11 .00 

2.1-6 

17 .48 

.01 

12 .51 

1 .91 

19.99 

.10 

15 .01 

1.50 

22 .49 

.12 

17 .51 

1.10 

25.00 

0 

20.00 

.71 



22 .50 

.34 



25.00 

0 




L .E . radius : 0 .80 

Slope of radius throu^a L .E . : 0 .35 
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(a) Front view. 

Figure 1.- Reflection-plane model in inverted position with full-span 

flap deflected. 



(b) Rear view. 
Figure 1.- Concluded. 







Figure 2.- Rear view of reflection -plane model in inverted position with 

aileron deflected. 
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Figure 3.- Schematic drawing of right semispan-wing model equipped with full-span flap. 
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Figure 5.- Variation of Reynolds number with Mach number. Reynolds number is based 

on wing mean aerod 3 mamic chord of 2.86 feet. 
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Figure 6.- Variation of plain-wing aerod 3 mamic characteristics with 

Mach number. 
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Figure 7.- Variation of aerodjmamic characteristics with Mach number 
of wing with full-span slotted flap deflected 45*^. Flap nose in normal 
location. 
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Figure 8.- Variation of aerodynamic characteristics of wing with 

full-span slotted flap deflected 45° and position of flap nose varied. 
M = 0.19. 
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Figure 9.- Variation of measured and theoretical lift -curve slopes 
with Mach number. 
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Variation with Mach number of plain -wing characteristics, 
o = -1.45°. 
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(a) Mach number, 0,27. 

Figure 11.- Variation of lateral control characteristics of complete 
wing with aileron deflection. 6^ = 0. 
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(b) Mach number, 0.38. 
Figure 11.- Continued. 
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(c) Mach number , 0.51. 
Figure 11.- Continued. 
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(d) Mach number, 0.61. 
Figure 11.- Continued. 
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(e) Mach number, 0.71. 
Figure 11.- Concluded. 
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Figure 12.- Variation of lateral -control characteristics of complete wing with aileron deflection co 

and Mach number. 6^ = 3°. 
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